Background Centre volume is an important determinant of outcomes in patients requiring complex medical treatments or surgical procedures. Heart failure hospitalisation (HFH) has become an increasingly complex and resource intensive clinical event. We evaluated the effect of centre volume on mortality and costs in patients with HFH. Methods This was a retrospective registry-based analysis of adult patients discharged with a primary diagnosis of HF from hospitals across New York (NY) State over a 5-year period, between January 2009 and December 2013, using the Statewide Planning and Research Cooperative System inpatient discharge files. The primary outcome of interest was in-hospital mortality. All patients were followed from the day of admission to either in-hospital death or discharge alive. Results 300 972 HFHs from 198 facilities across NY State were included. Five-year centre volume was associated with a decrease in in-hospital mortality in unadjusted (HR=0.872, 95% CI 0.863 to 0.881, p<0.001) and adjusted Cox models (HR=0.869, 95% CI 0.859 to 0.879, p<0.001). After dividing the overall cohort into three groups based on 5-year centre volume, groups with medium and high volume centres had lower in-hospital mortality when compared with the group with low volume centres. The results were consistent in various subgroup analyses. Furthermore, hospitals in the higher centre volume groups had increased HFH costs across different severity of illness categories and involved increased use of cardiac procedures. Conclusions Higher centre volume was associated with lower HFH mortality but increased HFH costs and increased cardiac procedures in a cohort of Medicare and non-Medicare beneficiaries.
INTRODUCTION
Heart failure (HF) is the most common cause of hospitalisation in patients over the age of 65 years in the USA. 1 HF costs the US healthcare system about US $32 billion every year, 2 >50% of which is incurred during HF hospitalisations (HFH). 3 HFH is also a major clinical event with 1 year mortality rates following HFH approaching 29.6%. 4 Hence, there is an increased interest in identifying standards of care, and improve quality of healthcare services being delivered to patients with HFH. Furthermore, as more therapeutic options have become available and as patients with HF have an increased burden of comorbidities, caring for patients with HF has become increasingly complex and resource intensive. 5 Centre volume is a major determinant of outcomes in heart transplants, 6 coronary interventions, 7 burn injuries 8 and trauma patients. 9 While the association between higher centre volumes and better health outcomes is strongest for surgical procedures, studies have shown a strong relationship between higher centre volumes and lower in-hospital mortality in other complex diseases like patients with HIV/AIDS 10 and in patients undergoing chemotherapy. 11 The objective of our study was to evaluate the relationship between centre volume, HFH mortality and HFH costs in both Medicare and non-Medicare patients with HF.
METHODS

Study design
In this retrospective registry-based analysis, we identified patients with a primary discharge diagnosis of HF in New York (NY) State from 1 January 2009 to 31 December 2013.
Registries
Patients included in this study were identified from the Statewide Planning and Research Cooperative System (SPARCS) inpatient discharge files provided by the New York State Department of Health (NYSDOH) using the Clinical Classification Software (CCS) tool developed at the Agency for Healthcare Research and Quality. SPARCS database contains information about patient discharges from non-federal acute care hospitals in NY State and all facilities are required to submit this data on a monthly basis. SPARCS contains data on patient characteristics, diagnosis and treatments for each in-hospital stay. Since these data provided by NY State is de-identified, no separate informed consent was required. The study was approved by the Institutional Review Board at Albert Einstein College of Medicine/Montefiore Medical Center. Details regarding the SPARCS/NYSDOH data registry and CCS tool are provided in the online supplementary appendix.
Study population
Patients were eligible to be included in the study if they were discharged with a primary diagnosis of HF. CCS code 108 was used to identify a HF discharge. CCS Paediatric HFH (<18 years) or HFH with incomplete information were excluded (see online supplementary figure S1). Since, the unit of record for this database was HFH, all analysis were done using HFH as a unit, rather than each individual patient.
Study variables
The following information was retrieved from the hospital inpatient discharge (SPARCS de-identified) files for each hospital stay with a diagnosis of HF: health service area, hospital facility identification number (ID), age category in years (0-17, 18-29, 30-49, 50-69 and 70 or older), gender, race and ethnicity, length of hospital stay, type of admission, patient disposition, discharge year, all patient refined diagnosis related groups (APR-DRGs) and payer status. Developed as a modification to DRGs, the APR-DRGs contain information on APR-risk of mortality (APR-ROM) and APR-severity of illness (APR-SOI). The APR-ROM refers to 'likelihood of dying' and APR-SOI refers to the 'extent of physiologic decompensation or organ system loss of function'. Both APR-SOI and APR-ROM are classified into four subcategories as minor, moderate, major or extreme and help to determine disease severity and case mix complexity. APR-DRGs have been clinically validated and used for case-mix index in previous studies. 12 13 A patient was considered to be admitted from an emergency department (ED) based on the ED ancillary revenue codes (045X series) submitted by the hospital. 'Centre volume' of a facility was defined as the total number of HFH in that facility during the 5-year study period. All the hospitals were analysed using the 'facility ID' instead of 'facility name' as this ensured change of facility name or change of affiliation did not affect our analysis, since 'facility ID' remains constant in SPARCS.
Outcomes
The primary outcome of interest was in-hospital mortality coded at the time of discharge.
Follow up
Patients were followed for up to 120 days from the date of admission during which 99.95% were either discharged alive or died in the hospital.
Statistical analysis
Baseline characteristics were described as frequencies ( percentage) for categorical variables, mean±SD for continuous variables with a normal distribution, and median (first and third quartiles: Q1-Q3) for continuous variables with a non-normal distribution; χ 2 test was used for categorical variables, analysis of variance for continuous variables with a normal distribution and Wilcoxon rank test for continuous variables with a nonnormal distribution.
To assess the association between HFH mortality and centre volume, we conducted a survival analysis using Cox proportional hazards regression with the length of hospital stay as the time scale (to adjust for temporal differences in mortality) and in-hospital death as an outcome. First, we evaluated the effect of centre volume on in-hospital mortality, using centre volume as a continuous variable in both unadjusted and adjusted Cox models. Next, we divided the overall cohort of HF discharges in the NY State over 5-year study period into three groups, stratified on the number of HFH per facility over the 5-year period. This ensured that each group had about one-third of the HFH and there was a graded increase in the 5-year HFH from group one (low volume) to group three (high volume). These three groups were compared for baseline characteristics, in-hospital mortality and HFH costs.
Finally, we also created a multivariable Cox proportional hazards model using a backward stepwise selection method to analyse the independent effects of each variable on in-hospital mortality with a stay significance levels of <0.001. The variables included in the analysis were age (<70 or ≥70 years), gender, race (blacks vs others), ethnicity (Hispanic vs others), APR-SOI (minor/moderate vs major/extreme), APR-ROM (minor/moderate vs major/extreme), primary insurance (Medicare/Medicaid/ other federal programmes vs other insurance or self-pay), admission through ED (yes or no) and centre volume. Two tailed p values were used and p<0.001 was considered to be statistically significant. All statistical analysis was conducted with STATA V.13 software.
RESULTS
Study population and baseline characteristics
From 301 751 HFH in SPARCS/NYSDOH database during the study period ( January 2009 to December 2013), 300 972 (99.74%) met all study criteria and were included in the current analysis. We found that there was a small reduction in the total number of yearly HFH, from 66 019 in 2009 to 57 402 in 2013, but the burden of HFH still remains high (see online supplementary figure S1).
Baseline characteristics of the overall cohort are shown in table 1. Thirty-four per cent of the overall population was below 70 years. The number of HFH with male and female patients was approximately equal; 21.4% of patients were blacks and 10.18% identified themselves as having Hispanic origin; 53.8% of the HFH had APR-SOI categorised as 'major' or 'extreme' and 45.7% of the HFH had APR-ROM as 'major' or 'extreme'. Based on the ED revenue codes, patients were admitted through the ED in about 83% of the HFH. Medicare, Medicaid or other federal programmes together accounted for 74.28% of the primary insurance payers and 22.2% were from other private insurers (table 1) .
Baseline characteristics of HFH according to the three centre volume groups are shown in table 2. On comparing different centre volume groups, as shown in table 3, there were 132, 44 and 22 hospitals in groups 1 (low volume), 2 (medium volume) and 3 (high volume), respectively. All the hospitals in the 'low volume group' had a 5-year centre volume of ≤1718 HFH while hospitals in the 'high volume group' had a 5-year centre volume of ≥3090 HFH (table 3) .
Centre volume, in-hospital mortality, costs and procedures There were 12 540 in-hospital deaths during the study period. The crude in-hospital mortality rate was 4.16% for the overall cohort. When analysed as a continuous variable, higher centre volume (measured in thousands) was associated with a lower in-hospital mortality in unadjusted Cox model (HR=0.872, 95% CI 0.863 to 0.881, p<0.001) (table 1). This relationship persisted in the adjusted Cox model as well (HR=0.869, 95% CI 0.859 to 0.879, p<0.001) after adjusting for age category, gender, race, ethnicity, APR-SOI, APR-ROM, type of primary insurance and admission through ED.
On comparing in-hospital mortality in the three centre volume groups using Cox models, medium and high centre volume groups had lower in-hospital mortality compared with the low centre volume group. This association remained significant after adjusting for differences in the baseline characteristics Listed are the baseline characteristics of the overall cohort and unadjusted hazard regression analysis for in-hospital mortality after HFH, with corresponding 95% CI and p values. Centre volume expressed in thousands with median (first and third quartiles: Q1-Q3). APR, all patient refined; HFH, heart failure hospitalisation.
(table 3). Figure 1 shows the Kaplan-Meier estimates of cumulative in-hospital mortality in the three centre volume groups at different lengths of hospital stay.
To check the robustness of our findings, in sub group analysis, we looked at patients admitted via the ED (n=249 722) or not (n=51 250). This was done to check for any bias that may have occurred due to transfer of patients from one facility to another for advanced management of HF. However, in survival models, higher centre volume was still associated with a lower in-hospital mortality, irrespective of the fact whether the patients were admitted via ED or not (table 4) . The results were consistent in other subgroup analyses as well, including in HFH involving younger (<70 years) and non-Medicare patients (table 4) . Finally, we also compared crude mortality rates in the three centre volume groups based on APR-ROM and APR-SOI. There was a significant decrease in crude mortality rates from low to high centre volume in various subgroups as well (see online supplementary table B).
We also analysed the total hospital costs per HFH according to centre volume group and APR-SOI category. There was a significant trend towards increased HFH costs from low volume to higher volume centre groups for HFH with both 'mild or moderate' and 'major or extreme' APR-SOI (table 5) . Finally, we also looked at the highest billed cardiac procedures for each HFH across various centre volumes. As expected, there was a significant trend for increased use of diagnostic cardiac catheterisation, percutaneous transluminal coronary angioplasty and insertion/ removal/replacement of pacemakers or cardioverter defibrillator from low to high centre volumes (p<0.001 for trend analysis, table 6).
Association between other variables and in-hospital mortality
In the multivariate Cox model to identify the independent effect of each variable (listed in table 1), age ≥70 years, APR-SOI, APR-ROM were associated with increased HR for in-hospital mortality, whereas black race, Hispanic ethnicity and admission via ED along with centre volume were found to be significantly associated with reduced HR for in-hospital mortality (see online supplementary table A). More importantly, type of primary insurance and gender did not have any significant effect on in-hospital mortality in the multivariate model.
DISCUSSION
We examined the association of centre volume and in-hospital mortality in over 300 000 HFH over a 5-year period in NY State. Our principal findings are: a. Centre volume is strongly associated with HFH mortality in a cohort that included Medicare and non-Medicare patients (table 3) . b. Hospitals in the higher centre volume groups had lower HFH mortality but increased HFH costs and increased use Table showing three centre volume groups, based on 5-year centre volume tertiles for the study period ( January 2009 to December 2013), number of acute care hospitals in each group, 5-year centre volume median (first and third quartiles: Q1-Q3), length of stay (LOS), unadjusted and adjusted HR for in-hospital mortality in medium and high centre volume groups, compared with in-hospital mortality in the low centre volume group. *Adjusted for age category, gender, race, ethnicity, APR-severity of illness, APR-risk of mortality, admission through emergency department or not and type of primary insurance. APR, all patient refined; HFH, heart failure hospitalisation. Figure 1 Cumulative in-hospital mortality across different centre volume groups at different lengths of hospital stay.
of cardiac procedures (see online supplementary table B, tables 5 and 6). c. While the relative risk reduction in HFH mortality was modest for the sickest group of patients (HFH with both APR-SOI and APR-ROM 'major or extreme'), the increase in costs was much more significant (see online supplementary  table B and table 5) . Over the past decade, there has been growing evidence supporting the 'centre volume and outcomes' effect, such that patients requiring surgical procedures or complex medical treatments have better outcomes at centres with higher patient volumes. 6 7 In our study, we found a similar effect, that is, there was a reduction in 'in-hospital mortality' with increase in centre volume in HFH across NY State during the 5-year study period (2009) (2010) (2011) (2012) (2013) . This relationship persisted in various subgroup analyses as well (table  4) . While, a previous study about centre volume and HF outcomes included only older Medicare beneficiaries, 14 the current analysis of centre volume, HFH mortality and HFH costs includes both Medicare and non-Medicare (Medicaid, other federal programme and private insurance) patients.
Although in our analysis, we cannot point to an exact reason for the observed reduction in 'in-hospital mortality' with an increase in 'centre volume' in patients with HF, this could be due to a variety of reasons. HFH is a complex diagnosis requiring a team-based approach involving primary care physicians, hospitalists, cardiologists, HF specialists, nurses, pharmacists and nutritionists who are trained and experienced in taking care of patients with HF. It is possible that higher volume centres have better resources at their disposal to care for patients with HF. Higher volume centres may have a better physical infrastructure, better adherence to treatment guidelines and understanding of the care required by patients with HF. Studies in patients undergoing cardiac surgeries have shown that higher performing centres do not necessarily have a lower rate of complications, but are likely to be better at managing complications once they occur. 15 patients with HF are at high risk for complications like sudden cardiac death, progressive pump failure, acute kidney injury, liver failure, intestinal ischaemia and electrolyte abnormalities [16] [17] [18] and it is possible that centres with high volumes may have more experience in taking care of these complications. Table showing Cox proportional hazard regressions for in-hospital mortality up to 120 days after admission and 5-year centre volume (measured in thousands) in various subgroups. *Survival models adjusted for confounding factors-age 70 years or above, gender, black race or not, Hispanic ethnicity or not, APR-severity of illness major to extreme or not, APR-risk of mortality major to extreme or not, type of primary insurance and admission via emergency department or not. All confounders except the subgroup in which the analysis was carried were adjusted for in the adjusted HR* models. APR, all patient refined. APR, all patient refined; HFH, heart failure hospitalisation.
Other predictors of mortality
We did not find an increased risk of in-hospital mortality in patients with HF of black race or of Hispanic ethnicity. Previous studies in HF have revealed contrasting findings in regard to the effect of race in HF. Studies have found higher mortality, 19 lower mortality 20 and also no difference in mortality 21 between blacks and other races. Also, another reason could be that the socioeconomic factors that usually contribute to worse outcomes in the ethnic minorities, 22 may not affect 'in-hospital' outcomes as all patients have equal access to care while being in the hospital. A recent study involving the US veterans found that black patients with equal access to care have in fact lower all-cause mortality. 23 
Limitations
This was a study with a large sample size, equal representation of males and females and results were consistent in various subgroup analyses. However, there are some important limitations. First, we were unable to analyse outcomes based on the aetiology of cardiomyopathy (ischaemic vs non-ischaemic) and did not have information on the exact cause of death in the hospital (cardiac vs non-cardiac). While, 30-day mortality would have been a more objective measure of the quality of care being delivered across different centre volume groups, we did not have information on the outcome of death following discharge from the hospital and thus could not include 30-day mortality in our outcomes analysis. However, similar methodologies have been used in previous studies evaluating the effect of 'in-hospital' characteristics on 'in-hospital mortality'. 24 Second, although, there has been some criticism about the use of APR-DRGs for measuring severity of illness and risk for mortality to determine case-mix index; APR-DRGs still have high clinical validity 12 13 25 and are used by payers for risk-adjusted payments to the hospitals and by hospitals for public quality reporting. Third, we could not evaluate the effect of other hospital characteristics on outcomes like teaching versus non-teaching or location of the hospital (urban vs rural), level of physician training, physician volume, presence of a HF programme and/or dedicated HF nursing staff. Fourth, since the unit of analysis for this study was a HFH, same patients may have been hospitalised more than once over the study period. Finally, we did not have information on other factors that may contribute to outcomes like information on goals of care, do-not-resuscitate (DNR) status or comfort care measures. Hence, we are unable to delineate the exact reasons behind this observed phenomenon. Future studies are required to answer this.
CONCLUSIONS
Centre volume is an important determinant of in-hospital mortality in patients with HF. Higher centre volume is associated with lower HFH mortality but increased HFH costs and increased cardiac procedures in a cohort that included both Medicare and non-Medicare beneficiaries.
Main messages
▸ Higher centre volume was associated with a lower in-hospital mortality in heart failure hospitalisations (HFH) in a large cohort of Medicare and non-Medicare patients. ▸ While high centre volume group hospitals had lower HFH mortality, they were also associated with increased HFH costs and increased use of cardiac procedures. ▸ For the sickest group of patients with HF, the effect of centre volume on HFH mortality was modest but the increase in costs was significant.
Current research questions
▸ We were unable to identify the exact reason for the observed reduction in HFH mortality with increased centre volume. Future research is needed to answer this. ▸ Future research should also address whether special heart failure (HF) programmes with dedicated HF nursing or HF units in the hospital have any major role in lowering HFH mortality. ▸ Finally, we need to identify patient characteristics who would benefit the most by an early triage to higher centre volume hospitals for improving HFH outcomes but keeping the HFH costs in control. 
